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[4#f*!t#tf>«gK3 

m&*mmt : % i 0&*£&*:w-f i (D^mft 

1 I* «»t**P4W*«)«JSt6ft : ?-K9h4:, 1MB* 
flW2ira©*IM©&* tt** U 7©B o h r ¥&OT 

|M(4] IWBIW»®«-Kv htf>£*tel nNA 
[H*^5] itfiai nNAstt, nN x As 

i-x t&istzms* mu^*-*ximo. o3~ 

mffi&V>W%M<D&'*\t*V 'J 7tf)B o h r4^T 
<BJ9<2^Jl£S&K£SftTfcy, 
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^snfem20)^^^ ; ^mim 
twBBia*^? KfftftUTff lams®* 

■v 'J 7 fctilffi?SttJBlCttA*** 1 (DW&t ; #)fE85 2 

2 <t y ft ss^^ftsmsatcfcv 
wuftu, £v^cttyigLOTsnfcaa«)*isw 

: *^©«WW»fcwas*u IWB»l 
UJW6*2<Bfc*£Rfe*U ttffi* 1 ©WfMtfi 
C#LT3B«*«:J«t*»20iW(#ISaJ: 4 J ft 

ffjfa^c^fSMO&^li** 'J 7©B o h r ¥ffl£lT 

offaicffSfeKSsnTfey, 

Iff i 0 ] tyiS&8tf>§^ I n N 

As^Ufty, j»ffitt»©*RW5(D#<fttGaAs J:y 

[MAI 1) ttffEI nNAsH nN x A 

0. 04T*6ifc&«tti:t6. 9*517-100^ 

imm 1 2 3 ; tsttt^mim&tr^ 

2©^^yK»±»C?B«a*u WE»2©^5yKMft 

^ 2 <t y ft ***wtt«yas»ci3 v ^x. 
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mz&± y * y . twa*rooffs ic£scwtc<£ u 
v«afc«t*tm®»Ky nit** 

(oooi] 

tz* &*#Pffi&& RHET<D«fcJW<U7fe* 
[0 0 0 2] j^ft**»7®nC&Afc£&£2|ab& 

Tlx. ^Sa^t3^®je*WSt4J:^«:^JSlC*» 

ot^^ y 7®m#ft?WUsrc?ttKK£&*fc 

-5. 

[0 0 0 3] J&^Sft^Ky h&jtlX. x*;i/* 

[0004] 
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[0 0 0 5] *3T% ft^Kv MraCo^Tti, w0 

*iicett*»aa>ft««ffc* s 

M^*6Wflfi^WSEt6. UV*57-f 

[0006] £ft£#U InAs/GaAs^I* 
*^fnx^*2/-v^«l»»CfeV^T. ^rDiW^f 
S/^U*iW)talllHca«t6V^«)*S-K (Stranski 
-Krastanow) =E - KjM&flIB* <& i IC* >J , Itt 

ttfiT'£&Z.£tiMabtiT\\&. #IxlX. GaAsSS 
JilC, InWO. 5fi8BO<MF«W t *S<*«i* 
InGaAsl^m MB EttlC J: 
fctCty, Etfl#3 0~4 OnntfBI nGaAsCOStf 
GaAalSSJ:lC««ail63fciWK&anT^6 <Le 
onard, D. , etal., Appl. Phys. Lett. 63, pp.3203 - 
3205, 1993). ALEttfettoT«£#15~2 
OnmiKDInGaAsOS?:, GaAsg*£±iC, 
1 0 0 nmiS«T*T^^Ii:«^TVN 
6 (Mukai, K., et al., Jpn. J. Appl. Phys., 33, pp. 
L1710-L1712, 1994) . 2e>lC, MOVPE?£l:J:o 

& (Oshinoro, J., et al., Appl, Phys. Lett. 65, (1 
1), pp.1421 - 1423 (1994) . 

[0 0 0 7] wi^fDi^^i/^;*!: 
&tt*ft?K9h®JMli. 'vra#®tc£t;sm#x 

(PL) tiWMnTfcy. 1. 2eV^jfi 

$n"t^6 (Leonard, D., et al., op cit.) . 
[0 0 0 8] ^^tS^S-K^-K&^ofefi^K 

\^<0<D. h;u4HB*B (FWHM:Full Hid 

th at Half MaximiDj) #&SWKli8 0- 1 0 0 me V 
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*tmg£fcr$t£r £ -e*&a«tt«wt s r t # t* 

tf>tf»bo#tf, PL^ h;u^£/)^>)lcJKi;ov^v\ 

» [0 0 0 9] S&lC&oT, Farad ffi (Farad, S. et 
al., Appl. Phys. Lett. 68(7), pp.991 - 993, Februa 
ry 12, 1996)1*. I n Pgfc_t£*»£#bTii&£ft 
fcAl I nAs/<>y77M±©I nAs J:»Jft6S-K 
MCOWC. 1. B^tm^PL^ 
^UTV^. l/^U rOSBSCfcWtfc, PL** 
£ MWOFWHMttl lOmeVRhfcU, <g*0>£?- 

[0 0 10] r©<t^tc, tfet^s-K^e-TOfi-^K 

yht'ti, SSJB-hSRfcl. 3nm^&SV>ttl. 5^ 

fc, RHETO*^Jfc«dF«lttlCfiV^T*iB««ciaiH^ 
HfciO!)J:^«;RHET(0*«aih>*/l/^y7fcUT« 

[00113 rtucatu «Miom*a. * 

giyama, Y., et al., Jpn. J. Appl. Phys. 35, Part 
1, No.2B, pp.365 - 369, February, 1996), 

% i c)&?-£&&*ri-*f& i <D*mft&&± y & y 
ji*jc»rtstu tfri2& i nte+imt \m*z>& 2 
2 y y fc*ttE+iOT«> 
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fc. $§8§¥9-3 2 6 50 6*|4£8££j& 
[0 0 12] *fr«*fKv h©»ltt. TJftf>S^K 

[0 0 13] H7H frfrSS^K? h*^S®iffi^ 

*. H7€:IWai'6tC, ro©SW*fflKt3tt, Ga 
Asg*gl© (10 0) ffiJ:{C^S4 0 0nmT^$ 
ftA-GaAs/Vy77/i2i:lC7&&£*V tMX?7 7 
Jg2±JCttyaU«ISS*lfeG a A s (f>HJ13 a 
^ #*<D*IM3 a^tCti, I nAs 

[00 14] Z<b£5\Zl>TGaAsXv7 7M2.±^ 
itfftSftfclnAsJftt. «2IC»LT7%gJW«:6 

icewci nAsJgOXbr^^i/-v;i/®&^5^® 

- I nAs©«W*^ K 

7h3b«t6InAsOS*m #fia;W77 

[0 0 1 5] BE*®Wtm ae>lCGaAs*lOT3 
a««a3bfea«>«J:^ICSe»IC*HIS*U S3b0J£ 
AfeJ:tf*OT3 8©«9WH«yjgaft*- *^©*3 
b ti, JSMftUi 2 0 n mmS^Si: 5 n mfI&CD^£ 

-i:JC«J:y, ^yr&3^7t«tCgfl^«)6S^K7 

[0 0 16] h^H^Jli. *P«3^3 a S: 

Ea7tCa«tJ:^JCtty5gb*iat«BSl TOWS a 
^ S^K^h3bfeS^8^ ^W^Cff^M 
**WRU tJ£oT^2MB. »3J|B«©»K«yh 
3b&JB«t6BL TS©^P5l3a©e»t», *^*T 
MOM* K V h 3 b £8e>SP#log|RlfitC InAsOS 

[00 17] 

WWUUtiSSI] 08 (A) , (B) 
It, H7<D*Jtt?rat3ICi3VtT. GaAsJ:y«t& 
^3 8^1 nAs«fcy^fi^K7h3 \>ZZ 

n-eni«feJ:tf5Msuiufc»5itcovxT, 7 7kt- 

50 07th^*7-fe^ (PL) ^hM^lt 
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IS****. 

[0 0 18] 08 (A) ZpmtZ>\Z. ft?Kvh3b 

[0 0 19] £ft£tfU 08 (B) 
fOT3 afciitffi^Ky M bS:5Jg«ll/fe*6^ 

fetttRcDJI^Kv h 3 b#S**WKfSai/Cgtt« 
lc#-tf)S* h mfttzz t zmtt&fo z\<r> 
%&\z\>, PL«3%a&tti. 2/nnss*«±»-e, j e 

[0 0 2 0] *Z\T\ *«W»JJJE©5HH«:»»^^ 
Hi:**. A#ttftWB4. SB^fcb 

[002 1] 

4:**?W«5BJC6v^ tWaKH»»* : US 1 © 
M U mm 1 (3>4M»«^filC»LTS**«:«*t 

iW(*j&K©±B5lcSlfi[«c^|6«c, XJCttCflffllU III 

*sK*afe«*anTCU, ftfSH3&2<a^#£&ti 

tt»**2K:KftLfc«K:. WSBtiaS^+IM©*^ 

y fc»»£/j>a v t * ^ i: zm>t test* 

5 1 gEfl^jtf^f*&1E£ £ y, ttz\tn$#3\Z& 
nist-^iz. WEW9l/fea»©ft?K^hJt 
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tC IUia«S[<Z>*^ h<&£* li I n N A s «fc y 
y, UlIH^K^fRIS^^tiGaAs J:yfc6ri:£ 

fflgBI nNAsli, ^InN x A s i- x 

y w^nwt • iwa*ia«*»cjwas*u 

itfta^ i o&mm&tzMis-c m&zmt&m 2 0 
%m$m&*w)+ &*$%i<Pr£M<»&zizn'g.mz 

»0i|i|IW©#^tt*iry7©Boh r4 5 fflS*T©J?a 

#i&i\z&mLtz±i\z, ^mmmt mzzmftg 

ttB-t»cm*SnfeaS2©^7'y KJffc : lalS^^S 

tijLizmzt^ mmi<»95*j)?Mzft\srmio> 

fc:tilS2»2©*5*KJW:£^Sft> mt&ZOt 
7 v KB fcfl* 2 <#9mS0>* * "J 7 fcfllffifSttE 
tcSAt^^ 2 ©®^i: * y «c&»W(«Wa6*K 

o>:mtffi&±t)k*)* sv^jciftyigi/OTsnfettas 

^^fcl«Ws*«2<0lS%a«:WU WBWl©* 

y^y, *^flwa*rajBoi?ajc*fiw^ov^«: 

10 ^y7©Bohr45SWT©J?StCJ9SS:»^SnT 
fey, |tf|H^20^WKa B a tiN$r^t/r^&^mi:t 

sa^ii^^w^RKjiy, *fe»s#«Bicg2«L 
t, mnmz 1 . 3 mb y*»«»i6i:« 

50 fcfc«afct*»^V*^tt8ffij«^iF-W»»* 
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QRoyMFf- K v Y<r>&* \t I n N A s <fc *J 4 tfrfS& 
Bt^r^^&^tiG a A s «fc yfc$;:i:&&ai:1" 6 

121 nNAslt j*gj££I nN x Asi- X 

«a/W-#xiWtto. 0 4-efc*;:i:£#$ai: 

lot^vVMti mem K*±Kj«*a 

?KJI±CJM£tu IWBII20>*9vKJIfe*N/C« 
2 tf>OT3*tf>* ^ 'J 7 $:ltltE?S1$MlCiiAl*"6^ 2 0® 

: © 1 ©tt^tt&^t 6* 1 <D*mVffi£k* »J ft 
£ Wit ; tiffi^KWWlcJBrtSft* l tf>&* 
ttfcl»M*2©»?)ttfc*U IWE»1 
(W»C»UTffi**ft^«»2«)W(ttffli* 'J 

* li** "JTOBohr ¥fcJ£TF©J« «C« £I3£3 
fttfcy, |^2®W«fll$ft»iN€:«ri4:fc1«« 

m\t. GalnNAs^tflll-Vi 

fcCDK&fcijVt (Kondow, M. , et ah, IEEE J. SELECT 
ED TOPICS IN QUANTUM ELECTRONICS VOL.3, N03, JUNE 
1997) . 

[0 0 2 2] H9fc*HR1-6lC tt**tt#5. 6 54 
Atf)G a A s K*3V^'J?ft0>N#A s 
■?£8Wi*fcJ>U itGaAs-GaN^lCWO 

K^y^x*;^^^*. WltttClnAa 
- I nN&iCfcWtfc, I nNMIi. fi#fi#T*l53S 

i n a s »c#tTA3srwe9^ttffloisa 

^InNi Ash 3$ 

Eg (x) =0. 3 6+ 1. 5 3 x + 4. 2x (1 - 

x) 

K*ySNtt6. 

[00 2 3] ftot\ ttEInA«J»K-srhfe«l*.tf 
1 0««)IbfeflBS»C«V^Ttt7 7K-e©PLx*^ 
tf % 1. 1 6#a Oi»lC»*6t6J»l. 0 7eVSS 
*TU**^l/*:V^»CWU PLi*Mfel. 3 a 



Wl 1-266004 

10 

li. |W&*>K¥*y7xjM*rEg feSfclCO. 1 l 
£&&/^;*-*x£0. 04 4 9lC®S1*fttfJ:V\ * 

3;fIglCfc*. 

[0024] fcZ**. (SHUy, GaNAs^Wi 
G a I n N A s *©N^ft^»»ti«T-li G a 

i a^^ssntv>6. Gfcitf (Kondow f& wm) 
6S-K*-K*»cj:yjwsn*tia)"c* l J. t*o 

6. H9J:y*>fr6«tC. GaAs&*v*l*I 
nAs^Ol I I-V^fc^l^W:^^TN^As 

fe««tftfjfflB«^t*i!OT-*y« t£^ TI 

nAslCfcV^Nfe^ALfc^ InAsKvRG 

a a s asKtwra^ttwe^ttw^tetf ra&^t. 

) TO. 0 3-0. O4 0)*SST't;k S-KjfcRICiBRfc 

te**^*tfwafts. 

[00 2 5] 01 (A) , (B) fc<fctf02 (A) , 
(B) It, *«WlCJ:6»*«*Hffl«>«a«:a<-r. 

-©#HM»ftWU SW3€:««t6- 01 (A) 
flateJC M*77M2±Ktt«®i*Kvh3b# 

^rtaS^- b 3 b J: WIM3 a J: y 
0 3?:®^cfc^tC, GaAs^7yi4«S^. 
[0 0 2 6] 01 (A) Cffl&VtL 07£*Ofefl&* 
0*3tlC*tU |WE»Kvh3bftInAs©ftt>y 
|^4%®Nfc*^£InNAsK:*yf»8«.6. I 
nNAsfctt^ifclCfcy, A>K^f^EgtfJ^ 
KftoTH^U *0)li!lt»Kvh3b«Wff«1- 
63W>»ftW<ft*. HI (B) »4H1 (A) (7)S^ 
^^3§fi07 7KtCfe^«PL^^ 
[0 0 2 7] 01 (B) WE»Kyh 
3blCN«:«WCtt4%««rfctJ:y, PL® 
10 S©^-^^7 7KJCfcV^JWl. 3/tmtCft6^i:^ 

t>^6. rnicwu 02 (a) toffltefc n 

N A s «fc y*6»Kv h 3 b «:Mr4>IM3 a 
(mJB) SHU"*. *©BSL lulB*r^3aC0j?Sd 
fe, ttE»Kvh3bftSftrtfiS'ttfc«6©*SJ: 
y^»<a8S1*6ri:tCj:y, #ft«tt7-Fvh3b 

tcft6. 

[0 0 2 8] 02 (A) 0«t»CfeV^TtK iWSfff K 

V h3b4>*cNfe»4%»A«rfcK:*y, 02 

50 (B) CWJ:^ICPLtt«7 7KICj5V^T»l. 3 
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(B) OMmi. 02 (A) 0>8i&tCfcV>T* mom 

[0 0 2 9} -ffllC I I I -Vm£4fc¥##K*3^ 

02 (B) <D£g&jl&£. 02 (A) 0*»*8B£ 
3K£V*T1. 3Aim^£0^$:^t6^H I5IB4 

T, ±IBmifi^«B§3€:^ri:iCj:y, N©*AKI 10 
' (A) 0»K? K3 b&5JiOTUfe*3®Cfev^Ttt 

*. 

{0030} 

03^ 4WB©»1*«««CJ:*W6 20 

^*-K2 0tt, (10 0) ®T*£a*lfcn + MG 
aAsS«2 1±i:M^ fyiBGaAsS«2 1± 
tC&§2#HC&4 0 0 — 50 0 nmtf)j?3T*ii3t£*lfcn 
+ g5>GaAs>^y77jg2 2^ tWE/<* 7 7JB 2 2Jb 
IC, $M&)\M3 0 0 nmtf>j?3T'J£#£*xkn + ^A 
lGaAs*>Jfc-5T$^vKJI23i:, ttR*5v 
K«2 3_bc&§2tfjictel 0 0 nmO^SlCTWStlfc 
1 n aGaAsJ:y**TW»a0g2 4i:fe^t/. 
ic, 8OT2 4±fctt. «B*?4Kto-»«:1Wt6 30 
^K-^GaAs^2 5^, 2 0 n m£>j?atCj£fi£a*l 

[003 11^22-25^ fllAliMBE&lCj:^ 

6 2 0* cosKiaKT^ane. *£flt^£ 

JS^e,(DA S ©fitKSK<fe^ Wfctffc^fflEM 
ft0)As££6X 1 O^To r r lCK£1"6C0tf<fcV\ 
M2 5tf7&&anfc& Ga<Z>#^£&»TLTgra& 
fcWittfB 1 o- c*TT»f*. 2e>ic, tiHB5 1 0* 

C9#K--7I nNAsJg*. IffiBG a A sjg2 5_tKJ£ 
St**. *»^6*W«l*K*ae>»C»3 0|JWeD7- 

ftfclnNAstt, GaAsB2 5_klCfcV^ gtf#J 
zona 

6b£j&£t*. SWBInNAsMOJWtt. W^Jflo 
ndw, M., et al., IEEE J. Selected Topics in Quant 
un Electronics, vol.3, no.3, June 1997, pp.719-730 

[003 2] Z(DX^\ZLX^lMBO)I nNAsS2 £ 
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6bjW&£S*tfc& |5iaGaAsS2 5±tC»i, Wffi 
I nNAsS2 6b$:S^<fc^tC, /?atf2~3nmtf> 
# K-^GaAsi U &*8S 1 M U<D%ffiM 2 6 a £*t 
fc*6. frfrfifcflWWB*. j?S^2-3nm®GaA 
sJg2 6a#Klg##j2 0nm, &£##j2~3 n mtf) 
I n N A s K V h 2 6 b L S^KS 

^6*H»2 6a®*WlC(!|£v\ jfetCifiJ&ft 
UTV^InNA5ft2 6b»S0gU 
6 a0JK££HWfc*l'^2~3 nml»te, 
0 [0033} a^K, |tfiSInNAsS2 6b0^^il 
«fflB*fOT2 6a©*ttt«:«IAtf4[5»iJ5EU InN 
A s A 2 6 b #±TK fifll Ufc8»S**J§ 2 6 , 0 
7<BfcEfi*#&3(D^fcNfctcm&ftS. 
5K0»yigL®e*. SU8I;**B£2 6li, fcj2 0nm 

[0 0 3 4] 30*^ *PW2 6a©J?a*«i*« 
£bfcl nNAsS2 6b«)lSS*y : b/J>av^S:^ 
flBg 2 6 T'te, J£^ K'V h 2 6 b i^CDgOOfi* K 
20 yh2 6bfctfWc8l/tv*S»TCBtt#&*. tztzU 
fc* »K* h 2 6 b fctfUb®Hl0>S* 
h2 6bfc*^0Tb*e>r.i:ii^<, 

tlfiLtOgijODfi^ K v b 2 6 b iK&HlC 1 -l&M^Mft 
G a A s fcVr£UTV>6 »JtEft : b&&. 
[003 5] H3©SW^3f- KTii, ae>icstna& 
MWBfi 2 6 _hlC# K-^G a A s M 2 7 JfefR£ 
ru *©J:ICpffiGaAsJ:y«:*±flMWMl2 8teJ: 
t; P +SlA 1 G a A s J: y fca_tW* 7 y KM 2 9 ^, 
30 ^tl-eni2 0nmftJ:^3 0 0nm^aicm^ 
*U SfelCfl29±lCp+ fiGaAsjyfc***?^ 
^30*V 5 0nmO^$icm^n^. ^2 7-3 0 

[0036] se>jc, iflDA^tLTjaaanfeOT^ 

^{j^jitCMUT, IWEGaAs;^77l2 2*Wffi 

»CSiN«©«SBR3 3«:^*Lfeft. ^77*2 2 
i:{C®§3 1$:, 4felWB*-vvyJB3 0±JCtBffi3 2 

40 &ttimiZtti!}Ltz.&* b'v h 2 6 b tfgfciSKi: 
iftlC»JU WEInNAsft?-K'yh2 6b(0fflfite 
fe«InN 0 .04As 0 .96i:t6ii:^y. 5t»CH2 
(B) TSHJ!UfcJ^K« 7 7KC^t«*#l. 3 

l2S^h-»vh2 6b*(ONjfWxC^$:0. 0 24i:t 
6iillC<}: l J. 7 7KT1. 3^raf05fcta^5> 

[00 3 7] ab^, H3©«WtJCfeV^ 0i (a) 
(C^Lfei^JCfi^K^ h 2 6 b &*Ji««Ufc»#»C 
50 li, N(Dffl^x5:0. 0 4 tt*Zt\Z£V. 7 7KT 
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til. 3umomm^im^ta>. ttz. 

K 9 h 2 6 b z&mstttimti&imzn^T&mx- 

1. 3 tfm©«>fc»li€:»6fefttcti, 8&SSN<0JS£ffi 

#ftgU— *f^*-K4 0 roM^^tMfflT'^ 
6. fe£U 04 5fe»CSWLfc»»iC»J»t6fiM)' 

[0 0 3 8] 04£#j$t£lC, U— tf K0># 
[0 0 3 9] ttz. W*\VmtZ>ti\ «IB*5vKJI 

3 1 tmmtamzmm+m&bx**^. ^ 20 

l/-if#y*-K4 0ttv**>$*DFBl/- 

tf^PT- K5 0®«BJtfeSi-»fDBEST'»6. 

[0 0 4 0] BBWffllU-1f4f-f*-K5 0-ei4, m 
3 2#U>^#lC7&*3*U 3SffiL£GaAs**y7 

1 /B3 0®«ffi»cJijK*n»ihRAR*^fiRSn*. ife, 

GaAsJf 24£«J:tfGaAs/l28tf>tttoUlC, Ga 30 

Asi:A IGaAs &5S»COT0^ 

6M24' , 28' *^Btta*U ^24' *JI28' i: 

8' (ftRjgttLi. M2 4* ®»»»J:yV^<-r6. 
[0 04 1] frfrZmX'fc g&lZtiffllsfc&f'Fv 

h 2 6 btc<fc yMtsti&ft*. raayyygff&fifiic 

fc-l/>MfcfcfcoT. WBS«1»itKARiW«we>n 
[IB4£te09] E6li, H3 0^»WCfcV^r, $«blC 40 

H fi^T-Kv b 2 6 b tm^LT%mWZ&-<7)&* K 
yh2 6b' tm&Zt\Z>t)\ ftfrZ&f-FyhZG 

#>t*>ft£>. m*7--ml mtfsoo- cT'i 

[0 0 4 2] &±0&£&WT'lt> Ga A sM±\Zf&& 
Silfcl nNAstf)&tC£U^3n£fi*Ky 50 
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Mt^^^fWM^M e> r i: pJIB 
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